WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPUCATION PUBUSHED UNDER THE PAtIbNT COOPERATLON TREATY (PCT) 



(51) International Patent Classification ^ : 
E21B 7/12, 2m0, 2m2 


Al 


(11) International Publication Number: WO 99/45228 

(43) IntemaUonal Publication Date: 10 September 1999 (10.09.99) 


(21) International Application Number: PCT/US99/03888 

(22) International Filing Date: 24 February 1999 (24.02,99) 

(30) Priority Data: 

09/033,190 2 March 1998 (02.03.98) US 

(71) AppUcant: WILLIAMS TOOL COMPANY. INC. [USAJS]; 

P.O. Box 6155, Fort Smith, AR 72906 (US). 

(72) Inventors: BOURGOYNE, Adam, T., Jr.; 6006 Boone Drive, 

Baton Rouge, LA 70808-5005 (US). BOURGOYNE, 
Darryl, A.; 532 Leeward Drive. Baton Rouge, LA 70808 
(US). BOURGOYNE, Tammy, T.; 5966 Chandler Drive, 
Baton Rouge, LA 70808 (US). 

(74) Agents: HEWITT, Lester, L. et al.; Akin, Gump, Strauss, Haucr 
& Feld, L.L.P., 1900 Pemizoil Place, South Tower, 711 
Louisiana, Houston, TX 77002 (US). 


(81) Designated States: AL, AM. AT, AU, AZ, BA, BB, BG, BR. 
BY. CA. CH. CN, CU. CZ. DE. DK. EE. ES. FI. GB. GD. 
GE. GH. GM. HR, HU. ID. IL. IN. IS. JP. KE. KG. KP, 
KR. KZ, LC. LK. LR. LS. LT. LU. LV, MD. MG. MK. 
MN. MW. MX, NO, NZ. PL, PT. RO. RU, SD. SE. SG. 
SI. SK, SL, TJ, TM. TR. TT. UA. UG. UZ. VN, YU. ZW. 
ARIPO patent (GH, GM. KE. LS. MW. SD. SZ, UG. ZW), 
Eurasian patent (AM. AZ. BY. KG. KZ, MD, RU. TJ. TM). 
European patent (AT, BE. CH, CY. DE, DK, ES. FI, FR, 
GB, GR, IE, IT. LU, MC, NL, PT. SE). OAPI patent (BF. 
BJ, CF, CG, CI, CM, GA, GN. GW. ML, MR. NE, SN. 
TD.TG). 

Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD AND APPARATUS FOR DRILLING A BOREHOLE INTO A SUBSEA ABNORMAL PORE PRESSURE 



ENVIRONMENT 
(57) Abstract 
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positioned below the mudline (57) and within a normal pore 
pressure environment. The apparatus includes a pump (53) 
for moving a fluid through a tubular into a borehole. The 
fluid, before being pumped, exerts a pressure less than the 
pore pressure of an abnormal pore pressure environment (10). 
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abnormal pore pressure environment (53) while maintaining 
the pressurized fluid between a borehole pressure equal to or 
greater than the pore pressure of the abnormal pore pressure 
environment (10). and below the fracture pressure of the 
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METHOD AND APPARATUS FOR DRILLING A BOREHOLE INTO A SUBSEA 
ABNORMAL PORE PRESSURE ENVIRONMENT 

The present invention relates to a method and apparatus for drilling a borehole into a 
subsea abnormal pore pressure environment. In particular, the present invention discloses a 
method and apparatus for drilling a borehole through subsea geological formations while 
maintaining the fluid pressure inside of the borehole equal to or greater than the pore pressure 
in the surrounding geological formations using a fluid, that is of insufficient density to 
generate a borehole pressure greater than the surrounding geological formations pore 
pressures without borehole fluid pressurization. 

Drilling fluid using additives to provide an elevated density is generally used to 
control and stabilize a borehole during the drilling process in an abnormal pore pressure 
environments. In particular, additives, such as barite and clay, are added to the drilling fluid 
to increase its density and viscosity. When drilling in deep water, a riser has been used to 
allow the drilling fluid to be circulated back to a floating drilling vessel. The riser must be 
large enough in diameter to accommodate the largest bit and casing that will be used in 
drilling the borehole. As drilling is extended into deeper water, the size of the riser becomes 
difficult to handle with current floating drilling vessels. The use of larger floating vessels to 
handle larger risers would greatly increase the daily rentals of these vessels (some now 
approaching $200,000/day), which would make production economical only for high rate 
producing wells. Therefore, this economic constraint could limit deep water oil and gas 
developments. 

To reduce the cost related to conventional risers, the initial shallow part of the well is 
often drilled and cased with a conductor tubular or casing without using a riser. In this 
shallow drilling and casing, an economical single-pass drilling fluid, such as sea water, is 
used. Therefore, since sea water is used as the drilling fluid it can be discharged into the sea, 
without having to be pimiped back up to the floating vessel 

Sea water may be used as a conventional drilling fluid in a normal pore pressure 
enviroimient because sea water has sufficient density to control and stabilize a borehole 
through geological formations m a normal pressured envuroimient throughout the drilling 
process. In other words, the shallow part of the well can be drilled with conventional 



wo 99/45228 



PCTAJS99/03888 



2 

techniques into the normal pore pressure environment without a riser because the borehole 
pressure is controlled by the hydrostatic pressure of the sea water. Later in the well drilling 
process when a subsea borehole is drilled into an abnormal pore pressure environment, 
additives to the drilling fluid are commonly used. It has been found that abnormally 
pressured aquifers are often encountered at very shallow depths in many deepwater 
geological environments. Most past attempts to drill through these shallow abnormally 
pressured aquifers with sea water have been unsuccessful. Conventional drilling fluids with 
additives are not conunonly used as a single pass drilling fluid, as is sea water, because the 
large amount of additives which would have to be discharged during continuous drilling 
operations would make the process uneconomical. 

As best shown in Fig. 1, a flow from a shallow abnormally pressured aquifer 10 
washes out sand and soils, such as from the formation and over-lying sediments collapse. 
The collapse of the sediments can create a flow path 12 in the sea floor SF, This erosion and 
destabilization of the sea floor can xmdermine expensive subsea wells and make the site 
unsuitable for anchoring tension leg platforms and spar platforms. The destabilization of the 
sea floor can also collapse the casings of previously drilled wells at the site. Thus, this 
erosion could force the abandonment of locations where hundreds of millions of dollars have 
been invested. Current practice for minimizing this risk is to batch drill the shallow section 
of all the wells in a location to a depth below the shallow abnormally pressured aquifers. If 
the location is lost due to an imcontroUed water flow from the aquifer while following this 
current practice, the minimum possible investment is lost. 

Turning now to Fig. 2, conventional drilling technology using a riser 34 for drilling a 
subsea borehole is shown. The depth 14 to the top of the abnormal pore pressure 
environment, in this example, is 1500 feet when referenced to the mudline 16 of the sea floor 
SF or a depth 18 of 4,780 feet when referenced to the kelly bushing 20 on the rig floor of the 
floating vessel 22. 

An abnormal pore pressure environment is an environment where the hydrostatic 
pressure of sea water will not control the pore pressure. In other words, an abnormal pore 
pressure environment is an environment where the hydrostatic pressure generated by a 
column of sea water is less than the pore fluid pressure of the geological formations 
surrounding the borehole. 
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Therefore, the example well m Fig. 2 can be safely drilled using sea water as the 
drilling fluid to a depth of 1500 feet, since the pore pressure 24A in the normal pore pressure 
environment is equal to the hydrostatic pressure of sea water (8.6 ppg) 26 down to this depth. 
In other words, the increase in the pore pressure gradient at 1500 feet, as seen by the slope 
change at 28, indicates that the maximum casing depth for conductor or the first casing is 
1 500 feet. Since the maximum setting depth of the first casing in the example well is a 
fimction of the pore pressure 24A and the firacture pressure 30, the drilling and casing can be 
accomphshed without a riser using sea water. Therefore, as discussed above, the first portion 
(the "normal pressure" portion of the well) of the borehole above 1500 feet in this example 
well is drilled and cased without a riser. 

Since the first portion of the borehole (above 1500 feet) can be drilled without a riser, 
the diameter of the first casing 32 is not limited by the riser 34. However, in this example, 
the riser 34 (and a drilling fluid having additives) is required when using conventional 
drilling technology to drill depths greater than 1500 feet. Because casing 36 must pass 
through the conventional 18 inch diameter clearance blowout preventer (BOP) stack 37 and 
18 inch diameter riser 34, selecting a casing size for the first casing 32 which is much larger 
than the riser 34 and BOP stack 37 clearance is of no benefit. Presently, most floating vessels 
do not handle risers bigger than 19 inches in diameter. As a result, risers greater than 19 
inches in diameter are not used. The cost of upgrading the floating vessel for a larger riser 
diameter is quite high due to the increase load which would be imposed on the vessel when 
handling the larger, heavier risers. As a result, the second casing 36 run into the 
conventional-drilled well, such as shown in Fig. 2, is limited by the riser 34 (18 inches in 
diameter) and must have clearance to pass through a 18 inch diameter. Therefore, in the 
example of Fig* 2, selecting the size of the first casing 32 to be as close as possible to the riser 
34 diameter is the most cost effective. Thus, the selected size of first and second casings run 
into the conventionally-drilled example well are 20 inches and 16 inches, respectively. In 
order to maintain the borehole fluid pressure for the second casing between the pore pressure 
24B and the firacture pressure 30, the borehole for the second casing can be drilled to 
approximately 2,560 feet, as shown graphically in Fig. 2. The line 38 (indicating use of a 
fluid with additives-a 10.1 ppg mud) is maintained between the pore pressure line 24B and 
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the fracture line 30 with a 200 psi safety margin while being drilled through the shallow 
aquifer 10 to 2,560 feet. 

U.S. Patent No. 4,813,495 proposes an alternative to the conventional drilling method 
and apparatus of Fig. 2 by using a subsea rotating control head in conjunction with a subsea 
pump that returns the drilling fluid to a drilling vessel. Since the drilling fluid is returned to 
the drilling vessel, a fluid with additives may economically be used for continuous drilling 
operations. ('495 patent, col. 6, In. 15 to col. 7, In. 24) Therefore, the *495 patent moves the 
base line for measuring pressure gradient from the sea surface to the mudlme of the sea floor 
('495 patent, col. 1, Ins. 31-34). This change in positioning of the base line removes the 
weight of the drilling fluid or hydrostatic pressure contained in a conventional riser from the 
formation. This objective is achieved by taking the fluid or mud returns at the mudline and 
pumping them to the surface rather than requiring the mud returns to be forced upward 
through the riser by the downward pressure of the mud column (*495 patent, col. 1, Ins. 35- 
40). Therefore, the '495 patent, while acknowledging the economic and environmental 
concerns of dumping, proposes the use of drilling fluids with additives that are only dumped 
to the sea floor in an emergency. ('495 patent, col. 3, Ins. 30-35) 

An apparatus for controlling a subsea borehole fluid pressure is proposed for use with 
a conductor casing positioned below the mudline and within a normal pore pressure 
enviroimient. The apparatus includes a pump for moving a fluid through a tubular into a 
borehole. The fluid, before being pumped, exerts a pressure less than the pore pressure of an 
abnormal pore pressure environment. The fluid in the borehole is then pressurized by the 
pump to at least a borehole pressure equal to or greater than the pore pressure. A pressure 
housing assembly includes a rotating control head having a sealed bearing assembly 
comprising an inner member and outer member. The inner member is rotatable relative to the 
outer member and has a passage through which the tubular may extend. The tubular is sealed 
with the rotatable inner barrel. The pressure housing assembly further includes a pressure 
control device to control pressure in the pressure housing assembly and the pressure housing 
assembly is sealably positioned with the conductor casing. The pressure housing assembly 
allows for the drilling of a borehole below the conductor casing into an abnormal pore 
pressure environment while maintaining sufficient fluid pressurization to mamtain a borehole 
pressure equal to or greater than the pore pressure. The upper limit for borehole fluid 
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pressurization is controlled by formation fracture resistance, and the borehole pressure must 
be maintained below this pressure. The pressure housing assembly allows for the drilling of a 
borehole below the conductor casing into an abnormal pore pressure environment while 
maintaining the borehole fluid pressurization below the fracture pressure of the borehole in 
the abnormal pore pressure environment. Advantageously, a method is provided for drilling 
a borehole into the subsea abnormal pore pressure environment. 

A better understanding of the present invention can be obtained when the following 
detailed description of the preferred embodiment is considered in conjunction with the 
following drawings, in which: 

Fig. 1 is an elevational view of a drilling method where an abnormal pore pressure 
environment has resulted in an undesired flow path from the well to the sea floor; 

Fig. 2 is an elevational graphic view of a floating vessel using a conventional riser for 
drilling through an abnormal pore pressure environment; 

Fig. 3 is a perspective view of the pressure housing assembly of the present invention 
including a housing, a bearing assembly, a seal and a pressure control device; 

Fig. 4 is an exploded view of the present invention shown in Fig. 3; 

Fig. 5 is an exploded elevational view of the pressure housing assembly shown in Fig. 
4, further including a fastening and sealing member that is actuated by a running collar 
connected to a drill string; 

Fig. 6 is a section view of the pressure housing assembly as shown in Fig. 3; 

Fig. 7 is an elevational graphic view of the present invention using the pressure 
housing assembly as shown in Figs. 3-6; 

Fig. 8 is an elevational graphic view of the effects of losing fluid with additives at the 
casing shoe vAnie performing the method of the present invention; 

Fig. 9 is an elevational view of the preferred embodiment of the invention for drilling 
in a subsea borehole; 

Fig. 10 is an elevational view of the preferred embodiment of the invention used to 
drill into an abnormal pore pressure environment including an abnormally pressured aquifer; 

Fig. 1 1 is an elevational view of the steps for removal of preferred embodiment of the 
invention after drilling into the abnormal pore pressure environment including disengaging 
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the fastening and sealing member and removing the pressure bousing assembly from the 
borehole using the running collar on a drill string; 

Fig. 12A is a gr^h of a casing design if conventional drilling techniques and riser 
sizes are used for drilling the example case discussed in the background of the invention; 

Fig. 12B is a graph of the extended benefits of the present invention providing a 
second casmg of larger diameter than the conventional drilling method, as shown in Figs. 2 
and 12A; and 

Fig. 13, is an alternative embodiment of the present invention sealingly positioned on 
a conventional blowout preventer stack attached to a wellhead extending from a conductor 
casing in a subsea borehole. 

The preferred embodiment of the pressure housing assembly 15 is illustrated in Figs. 
3-12 and an alternative embodiment of the pressure housing assembly 15A is illustrated in 
Fig. 13. The preferred embodiment of the a pressure housing assembly, generally indicated 
at 15, includes a rotating blowout preventer or rotating control head, generally indicated at 
38, and best shown in Figs. 3, 4, 5 and 6. The control head 38 is similar to the rotating 
blowout preventer disclosed in U.S. Patent No. 5,662,181, that is assigned to the assignee of 
the present invention and incorporated herein by reference for all purposes. Contemplated 
modifications to the '181 rotating blowout preventer include deletion of the kelly driver and 
the corresponding drive lugs located on the top rubber drive 40. Additionally, the clamp 
cylinder and drilling mud fill line could be deleted. However, the housing 44 preferably 
includes three return outlets 46, 48 and 50 (not shown). The return outlets 46 and 50 are 
preferably connected to redundant choking or pressure control devices, such as pressure 
control device 52, shown in Figs. 3 and 6 and as discussed below in detail. The return outlet 
48 is used for an orifice valve, as discussed below in detail. Because the pressure housing 
assembly 15 is preferably self contained, a self contamed lubrication unit 54 is preferably 
provided for conununication with the lubricant inlet fittii^, as disclosed in the ' 181 patent, to 
provide lubrication to the sealed bearing assembly, as discussed below in detail. The self 
contained pressure housing assembly 15, including the control head 38 and pressure control 
device 52, will not require long hydraulic hose bimdles or electrical wires run from a floating 
vessel to the sea floor. It is also contemplated that the cooling water inlet and outlet fittings 
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of the rotating blowout preventer of the ' 1 81 patent would not be required, in view of the cool 
subsea environment in which the present invention will be used. 

Turning now to Figs. 3 to 6, the pressure housing assembly 15 control head 38 would 
include a top rubber pot 56 containing a top stripper rubber 58, as best shown in Figs. 4 and 
6. The top rubber pot 56 is mounted to the bearing assembly, generally indicated at 60, 
having an inner member or barrel 62 and an outer barrel 64, as best shown in Fig. 6. The 
inner barrel 62 rotates with the top rubber pot 56 and its top stripper rubber 58 that seals with 
the drill string 66. A bottom stripper rubber 78 is also preferably attached to the inner barrel 
62 to engage and rotate with the drill string 66. As can best be seen in Figs. 5 and 6, the inner 
barrel 62 and outer barrel 64 are received in the first opening 44A of the housing 44 of the 
pressure housing assembly 15 and the pressure control device, generally indicated at 52, is 
connected to a second housing opening 44B of the housing 44 of the pressure housing 
assembly 15. The outer barrel 64, clamped and locked to the housing 44 by clamp 42, 
remains stationary with the housing 44 of the pressure housing assembly 15. 

As disclosed in U.S. Patent No. 5,662,181, and best shown in Fig. 6, radial bearings 
68A and 68B, thrust bearings 70A and 70B, plates 72A and 72B, and seals 74A and 74B 
provide a sealed bearing assembly into which lubricant can be injected into lub fissures 76 at 
the top and bottom of the bearing assembly to thoroughly lubricate the internal sealing 
components of the bearing assembly. The self contained lubrication unit 54 provides subsea 
lubrication of the bearing assembly. As best shown in Fig. 6, the lubrication unit 54 would be 
pressurized by a spring-loaded piston 54A inside the unit 54 and pushed through tubing and 
flow channels to the bearings 68A, 68B and 70A, 70B. Sufficient amount of lubricant would 
be contained in the unit 54 to insure proper bearing lubrication of the assembly 15 until it is 
tripped out. The lubrication unit 54 would preferably be mounted on the upper housing 44. 
The chamber S4B on the spring side of the piston 54A, which contains the lubricant forced 
into the bearing assembly, could be in communication with the housing 44 of the pressure 
assembly by means of a tube 54C. This would assure that the force driving the piston 54A is 
controlled by the spring 54D, regardless of the water depth or mtemal well pressure. 
Alternately, the spring side of the piston 54A could be vented to the sea. 

Turning now to Fig. 5, an exploded view of the preferred embodiment of the pressure 
housing assembly 15 is shown having a fastening and sealing assembly or packer assembly 
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90. In particular, the fastening and sealing assembly includes a packer assembly 90 
positioned above the third housing opening 44C of the housing 44 to sealingly position the 
pressure housing assembly 15 in the casing 110. In particular, the packer assembly 90 will be 
sized so as to be able to seal against the internal diameter of the casing 110 in the subsea 
borehole, as discussed below. The packer assembly 90 will provide mechanical attachment 
of the pressure housing assembly IS to the casing by means of radial expandable slips 90A. 
The packer assembly 90 will also provide a pressure seal by means of an outwardly 
expandable sealing element 90B. The packer assembly 90 will preferably have setting and 
release mechanisms which can be engaged and manipulated by running collar 92 affixed to 
the drill string 66. The running collar 92 is preferably fixed to the drill string 66 above the bit 
94 and mud motor 96. The running collar 92 will transmit mechanical torque and axial forces 
to the setting mechanism in the packer assembly 90 during the setting process. After 
releasing the collar 92 fi"om the packer assembly 90, the running collar 92 can continue down 
the well as part of the drillmg assembly. When the bit 94 is tripped out, the running collar 92 
will again be raised to the packer assembly 90 to unseat the packer slips 90A and sealing 
element 90B. 

Turning now back to Fig. 6, the pressure control device or regulator 52 will be used as 
a primary pressure control device for the fluid in the annulus 1 00 of the well, as shown in Fig. 
7. In the preferred pressure housing assembly 15, the regulator 52 opening pressure will be 
set on the floating vessel 22. After the pressure housing assembly 15 has been run and 
sealingly positioned, the pump 53 can be used to pressure up the well to the pressure 
regulator 52 pre-set opening pressure. Once the set pressure is achieved, the regulator 52 will 
open. After the regulator 52 opens, sea water will circulate down the drill string 66 out bit 
94, up the annulus 100 and through the regulator 52, and preferably discharged at the sea 
floor SF. When the pump rate is mcreased the regulator 52 will open up in order to maintain 
pressure in the annulus 100 of the well at the regulator's pre-set pressure. When the pump 
rate is decreased the regulator 52 will begin closing in order to maintain pressure in the 
annulus 100 of the well at the regulator 52 set pressure. A back up or second pressure 
regulator (not shown) with a slightly higher pre-set pressure is preferably attached to a third 
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return outlet 50 of housing 44 to act as a back up to the primary pressure regulator 52. If the 
primary pressure regulator 52 failed to operate properly and the pressure in the annultis 100 
exceeded the secondary regulator set point, the secondary regulator would begin to operate. 

Turning to Figs. 6 and 8, an orifice valve 98 is used for circulating a limited amount 
of fluid with additives (heavy mud) 1 16 into the borehole in preparation for tripping out the 
pressure housing assembly 15. The valve 98 would preferably have a removable orifice 
mounted in the valves outlet. The valve will remain closed until the pressure housing 
assembly 15 is ready to be tripped out of the hole. Before starting out of the hole with the bit 
94, kill fluid or heavy mud would be pumped into the annulus 100, as best shown in Fig. 7. 
As the mud interface begins moving up the annulus 100, the orifice valve 98 would be 
opened. The size of the orifice and pump rate would be pre-selected to provide enough back 
pressure on the aimulus 100 to prevent the well from flowing. As the kill mud moved up the 
annulus 100, less pressure would be reqxiired to maintain a desired borehole pressure, so the 
pump rate would be gradually reduced. Once the kill mud reached the pressure housing 
assembly 15, the pump 53 would be shut off and the orifice valve opened. With the well 
static, the drill string 66 could be pulled, the packer assembly 90 unseated and the drilling 
assembly including the drill string 66 along with the pressure housing assembly 15 pulled, as 
discussed below in detail. A remotely controlled vehicle at the sea floor will preferably 
actuate the valve 98. Alternatively, the orifice valve 98 could be actuated using a pump rate 
signaling technique or drill pipe manipulation. 

It is contemplated that additional refinements can be made to the present invention 
such as use of sensors for 1 .) measuring the annular pressure at the control head 38, 2.) fluid 
ejection rate, and 3.) gas detection. Also remote opemtion of both the annular pressure 
regulator 52 and orifice valve 98 is contemplated. Also, remotely operated vehicles, as 
discussed above, and a remote intelligent control system could be used. 

In particular, a sensor could be used for real-time mudline annular pressure 
monitoring so that any failures in the system can be detected while drillmg. Monitoring the 
mudline annular pressure during any shut in periods would help with the detection of 
abnormal pore pressure environments and casing shoe failures, as discussed below. 
Preferably, an existing measurement-while-drilling (MWD) tool outfitted with annular 
pressure sensors could be used. However, when usmg a MWD tool, pressures could only be 
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transmitted when the well is being circulated and the data would be received at relatively 
slow transmission rates. Additionally, a fluid ejection rate sensor located on the fluid 
discharge outlets 46, 48 and SO would be useful for early kick detection. Because the fluid is 
not circulated up to the floating vessel 22, in the present invention, the flow rate out, returned 
from the well, cannot be compared to the pump rate into the well. Real-time flow return 
monitoring would be useful for detecting casing shoe failures and 4oss circulation zones. 
Also, sensors for monitoring the presence or concentration of gas in the discharge flow 
stream would also be useful for early kick detection and will provide information about the 
subsurface environment being drilled. 

Preferably, the pressure regxdator 52 will be set while the device was on the rig and 
run into the well. If the pore pressure and fracture pressures are accurately predicted, this 
form of pressure regulation should be sufficient. If, however, the shallow aquifer 10 in the 
abnormal pore pressure environment contained higher pore pressures than expected, the drill 
string 66 with the pressure housing assembly 15 would have to be tripped to the sea surface 
so that the regulator 52 set pressure could be adjusted. If the annular regulator set pressure 
could be adjusted remotely during drilling, then there would not be a need for tripping the 
drill string 66. A remotely adjustable regulator would also eliminate need for the orifice 
valve 98 because the regulator set pressure could be reduced as kill mud was circulated up the 
annulus 100 prior to tripping the drill string 66. 

If a remotely controlled pressure regulator, as discussed immediately above, is not 
used for annular pressure control, the orifice valve 98 would be the only component on the 
pressure housing assembly 15 which requires remote operation. The form of remote control 
could take any of several forms. For example, acoustic pulses from the floating vessel 22 
could be transmitted through the sea water to a simple control system on the pressure housing 
assembly 15, once the control system received and confirmed the signal to open the orifice 
valve 98, it could actuate the valve by hydraulic, electrical, or mechanical means. The 
circulating pump 53 on the floating vessel could also be cycled in a special way to signal a 
mechanical or electrical device which would in turn actuate the valve 98. A third option 
would be to cycle the drill string 66 rotation speeds as a means of signaling the orifice valve 
98 actuation. A conventional remotely operated vehicle could be used to both actuate the 
orifice valve 98 and inspect the wellhead 126 and pressure housing assembly 15 before 
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tripping the drill string 66. The remotely operated vehicle could also be used to check for 
flow and make sure the well is dead after the circulating kill fluid 116 is moved into the 
annulus 100. The remotely operable vehicle could also be used to monitor pressure and 
actuate the orifice valve 98 when kill mud is being circulated, thereby eliminating the need 
for any special provisions for remotely actuating the orifice valve 98. 

It is contemplated that the first prototype of the present invention will have a remotely 
operated vehicle docked to the pressure housing assembly 15 after it has been set and run. 
Annular pressure and flow rate could be continuously transmitted to the surface through the 
remotely operated vehicle umbilical and the remotely operated vehicle could be used to 
adjust the annular pressure regulator 52 set point. Also, it is contemplated that later models 
may use an on board computer which could take care of simple control fimctions and transmit 
data to the surface via acoustic, radio , laser, mud pulse, fiber-optic or an electrical style 
telemetry system. Instructions would also be sent to the on-board computer by one of the 
same forms of data transmission. A reliable system of this type could provide more 
flexibility and could prove cost effective by eliminating the need for any remotely operated 
vehicle intervention. 

Turning now to Fig. 13, a subsea pressure housing assembly 15 A, as discussed above, 
is mounted on top of an annular BOP preventer ABOP of a subsea blowout preventer stack 
BOPS connected to a wellhead 126. In this altemative embodiment, the casing type .packer 
assembly 90 would not be used because it would interfere with the stack BOPS. The pressure 
housing assembly 15A would be mounted on top of the aimiUar preventer ABOP (before 
nmning the BOP stack) using a fastening and sealing assembly 90'. Because the BOP stacks 
require a hose bundle to remotely actuate BOP components, the fastening and sealing 
assembly 92'90' could be a hydraulically actuated clamp, such as a Cameron HC Collet 
connector. 

Turning now to Figs. 7-11, the method for operation of the present invention is 
illustrated. In particular, Fig. 7 illustrates the possible casing size and setting depth selections 
for the first two casings run into an example well drilled to control borehole pressures using 
the method of the present invention. The properly installed pressure housing assembly 15, as 
discussed above, would maintain a back pressure on the fluid in the annulus 100 while 
drilling with the drill string 66. The pressure hoxising assembly 1 5 provides back pressure in 
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addition to the hydrostatic pressure acting on the fluid in the annulus 100. This total pressure 
would allow the well to be drilled safely to a depth greater than ISOO feet while only using 
sea water as the drilling fluid. Since sea water is being used as the drilling fluid, a riser is not 
required since the drilling fluid can be discharged at the sea floor SF. Thus, while the present 
invention does not allow drilling to the final depth of the well without a riser, it does allow 
more of the well to be drilled without the riser. This riserless technology allows the second 
casing 108 to be larger than the inside diameter of the conventional riser, such as discussed 
above and shown in Fig. 2. If the pressure housing assembly IS maintains a back pressure of 
400psi on the example well, as illustrated in Fig. 7, sea water having a density of 8.6 ppg 
could be used for the drilling fluid until a depth 101 of about 2,350 feet, that is below the 
shallow aquifer 10 and into the abnormal pore pressure environment. Below a depth of 2,350 
feet-RML, the pore pressure in the sediments exceeds the total borehole pressure (fluid 
pressurization plus fluid hydrostatic pressure) which is generated by pressurizing the sea 
water an additional 400 psi. This depth is indicated at the intersection 106 of the pore 
pressure line 102 and the 400 psi line 104. Therefore, drilling below 2,350 feet in this 
example would require a heavier drilling fluid, that is a fluid with additives in order to 
prevent an uncontrolled flow from an abnormally pressured formation. As a consequence, a 
riser and a third casing would be required to drill below 2,350 feet, in this example. Since, 
neither the first or the second casing was required to pass through the conventional riser, 
importantly, as a result, a twenty-inch diameter second casing 108 may be set as deep as 
2,350 feet. This is 850 feet deeper than with conventional drilling techniques without a riser, 
such as shown in Fig. 2. However, as seen in Figs. 12A and 12B, if the example wells of 
Figs. 2 and 7 are continued by selecting and setting successively smaller casings imtil the 
maximum total depth of the well was reached, significant increases in the possible maximum 
total depth of the well drilled is realized. Fig. 12A and Fig 12B depict the pore pressure and 
overburden pressure for the example case developed in Figures 2, 7, and 8. Fig. 12A shows 
the casing program that would resuU if 16" casing were set at 2560 feet-RML with the 
conventional methods depicted in Fig. 2. The maximum total depth of the well would be 
9200 feet-RML if 9-5/8" diameter casing were to be used as production casing and 0.5 ppg 
safety margins were observed throughout the drilling of the well. Fig. 12B shows the casing 
program that would resuh if 20" casing were set at 2350 feet-RML using the riserless method 
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depicted in Fig. 7. The maximum total depth for 9-5/8" production casing would be 14,700 
feet-RML if 0.5 ppg safety margins were used. By setting the 20" casing below the shallow 
water aquifers the well can be drilled a total of 5,500 feet deeper by using the riserless 
method described here. 

In the example well of Fig. 7, using the present invention, a 200psi safety margin was 
used similar to the safety margin of the example well of Fig. 2. Though, if a lower safety 
margin was used, casing 108 could be set even deeper than 2,350 feet. 

Turning now to Fig. 8, because kill mud 116 will be circulated into the well after 
drilling the borehole, casing shoe safety margins can be considerably lower Aan conventional 
casing shoe pressure safety margins. Fig. 8 shows the well bore pressure profile 120 A if 18 
ppg kill fluid or mud is circulated to within 450 feet of the sea floor SF. Even if all the mud 
between the sea floor SF and the casing shoe 112 were lost in flow path 112A, the total 
pressure created by the column of sea water 114 (8.6 ppg) and the remaining mud 116 (18 
ppg) is sufficient to maintain control of the well. This total pressure should control the 
shallow water aquifer 10 in the abnormal pore pressure environment thereby, as graphically 
shown, controlling the pore pressure either with an essentially full column of mud (as 
depicted with line 120 A) or if the mud is lost down to the casing shoe 120B,(as depicted with 
line 120B). Both lines fall between the pore pressure 122 and fracture pressure 124 lines of 
abnormal pressure environment, thereby indicating the well is controlled in both conditions. 

Turning to Fig. 9, the preferred pressure housing assembly 15 is shown positioned and 
sealed with the conductor casing 110. A wellhead 126 is attached to the conductor casing 
110 above the sea floor SF. The pressure housing assembly 1 5 controls the back pressure on 
the borehole 128 using a pump 53 to pressurize the fluid in addition to the hydrostatic 
pressure created by the weight of a column of drilling fluid without additives, such as sea 
water. The preferred pressure housing assembly 15 includes a subsea lubricated rotating 
control head 38 and an adjustable constant pressure regulator 52 sealably positioned in the 
casing 110 by the packer assembly 90, as discussed above. The pressure housing assembly 
15 maintains the borehole pressure to above the pore pressure of the abnomial pore pressure 
environment without using drilling fluid having a density above that of sea water. Therefore, 
after a single pass of the sea water through the annulus 1 10, it can be discharged from the 
pressure housing assembly 15 adjacent the sea floor SF. Above a critical depth of the 
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borehole 128 beyond which the back pressure required to control flow in the abnormal pore 
pressure environment exceeds the current limitations of the equipment, fluid with additives or 
mud, and the resulting riser, would be necessary. Only when the drill string 66 is tripped out 
of the borehole 128 after drilUng would a lunited amount of fluid with additives be needed. 

As shown in Fig. 9, the pressured housing assembly IS would ride on top of a running 
collar 92 affixed to the drill string 66 above the drill bit 94 and mud motor 96. The pressure 
housing assembly 15, as shown in Fig. 9, will preferably be totally self-contained in that it 
would not need to be connected by lines to the floating vessel 22 and also would not require 
any special tools and flanges to be attached to the casing 110 before the pressure housing 
assenibly IS could be used. As discussed above, the fastenmg means 90A and sealing means 
90B of the packer assembly 90 provide a pressure seal and mechanical attachment of the 
pressure housing assembly 15 to the inside of the casing 1 10 below the wellhead 126. The 
packer assembly 90 would be positioned below the wellhead 126 with the rotating control 
head 38 near the mudline of the sea floor SF. By rotating the drill string 66 from the floating 
vessel 22, which in turn would rotate the nmning collar 92, the packer assembly 90 would be 
set. Once the packer assembly 90 was set, the running collar 92 would disengage from the 
packer assembly 90 allowing the drill string 66 is continue into the borehole 128. The top 
stripper rubber 58 and bottom stripper rubber 78 would engage and seal around the drill 
string 66 isolating and containing annular fluids in the well bore WB. As best shown in Fig. 
10, return flow of fluid from the well is routed through the pressure control device 52 in 
commimication with the second housing opening 44B. This constant pressure regulator 52 or 
other choking device attached to the discharge manifold of housing 44 would regulate the 
well pressure by maintaining a back pressure on any abnormal pore pressure environment, 
including abnormally pressured aquifers 10. This back pressure would control any potential 
flow from the aquifer 10, even though the drilling fluid used is sea water. 

Turning now to Fig. 1 1, as discussed above, when tripping out of the hole, a drilling 
fluid with additives or mud 1 16 would be pumped into the hole to maintain pressure on the 
boreholel28. The mud 1 16 woidd be curculated into the hole by means of a third remotely 
actuated valve 98 attached to the discharge manifold of the housing 44. This orifice valve 98 
would have a sized orifice mounted in its outlet. Sea water would first be circulated at a pre- 
detennmed rate and the orifice valve opened. Once the orifice valve was opened, kill mud 
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1 16 would be pumped into the well. As the kill mud 116 moved up the amiulus 1 10 more 
hydrostatic pressure would be placed on the hole 128. To offset this pressure mcrease, the 
pump S3 would be slowed down to reduce the back pressure. Once the kill mud reached the 
mudline of the sea floor SF, the back pressure would be reduced to zero. The running collar 
92 would engage the packer assembly 90 at its bottom to release it. The whole self contained 
pressure housing assembly IS would then be tripped up to the floating vessel 22 supported by 
the running collar 92. As discussed above, the mud 1 16 in the hole could prevent any flow 
from being produced. Although^ this mud 116 would not be recovered when the casing 108 
is run into the hole and the hole cemented, the waste would be limited to the volume of the 
well bore as best seen in Figs 8 and 11. 

After completing the casing of shallow, large diameter portion of the well, a 
conventional riser or other method could be used to drill the smaller diameter and deeper 
sections of the well. While the method and apparatus of the present invention is to be used 
where the drilling fluid can be economically discarded after a single pass, it offers a simple 
and effective aid in eliminating the physical and economic constraints associated with the 
initial phases of drilling a well in deep water. 

It can now be understood that the maximum depth in which casing larger than the 
BOP stack or riser can be set controls the maximum total depth of the well and the maximimi 
diameter of the final production casing. The advantages of larger production casings are 
higher production rate potentials and greater well bore utility for future drilling operations, 
such as side-tracking. As can now be seen, the subsea pressure housing assembly 15, when 
applied to riserless drilling, increases the maximum total depth to which a well can be drilled 
in a given water depth by increasing the depth that can be drilled before a riser becomes 
necessary. Substantial cost savings can also be realized by using smaller floating vessels 
(without riser capabilities) to drill the shallow, large-diameter hole sections to a depth below 
the high risk shallow water aquifers. Casmg could then be set to seal ofTthe water flows, and 
the location could then be temporarily abandoned imtil a larger floating vessel was available 
to finish drilling the well to the target objective. The smaller floating vessel needed for the 
present invention would be cheaper to operate than the current large floating vessels. Also, if 
wells were lost because of water flows, the financial impact would be much less than if the 
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shallow high risk section of the wells were drilled with a larger floating vessel. This cost 
effective site preparation using the subsea pressure housing assembly 1 5, 1 S A could lead to 
some large drilling contractors offering turn-key packages for drilling the large diameter, 
shallow sections of deep water wells. As the technology matures, small specialized and 
relatively cheap floating vessels could be built to quickly and efficiently prepare well sites by 
drilling mto the abnormal pore pressure environment and setting larger diameter surface 
casing. Large diameter coil tubing could even be developed to further increase the efficiency 
of these site preparation vessels. It is to be understood that tubular as defined herein includes 
for rotatable drill pipe, coil tubing and other similar tubing. 

The foregoing disclosure and description of the invention are illustrative and 
explanatory thereof, and various changes in the details of the illustrated apparatus and 
construction and method of operation may be made without departing from the spirit of the 
invention. 
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CLAIMS: 

1 . Method for controlling a subsea borehole fluid pressure^ comprising the steps of: 

positioning a portion of a casing below the subsea mudline and within a 
normal pore pressure environment, 

moving a fluid in the casing that exerts a pressure less than the pore pressure 
of an abnormal pore pressure environment, 

pressurizing the fluid to at least a borehole pressure equal to or greater than the 
pore pressure of the abnormal pore pressure environment, and 

drilling a borehole below the casing into an abnormal pore pressure 
environment while maintaining the borehole pressure equal to or greater than the pore 
pressure of the abnormal pore pressure environment. 

2. Apparatus for controlling a subsea borehole fluid pressure adapted for use with a 
casing positioned below the mudline and within a normal pore pressure environment, 
comprising: 

a pump for moving a fluid in the casing, said fluid exerting a pressure less than 
the pore pressure of an abnormal pore pressure environment, said fluid being pressurized by 
the pump to at least a borehole pressure equal to or greater than the pore pressure of an 
abnonnal pore pressure environment, and 

means for drilling a borehole below the casing into abnormal pore pressure 
environment while maintaining the borehole pressure equal to or greater than the pore 
pressure of the abnormal pore pressure environment. 

3. Apparatus of claim 2 wherein said means for drilling includes, 

a housing havmg a first housing opening, a second housing opening and third 
housing opening; 

a bearing assembly having an inner member and an outer member and 
disposed with said first housing opening, said inner member rotatable relative to said outer 
member and having a passage through which a tubular may extend; 

a seal to sealably engage the tubular with the inner barrel; 

a pressure control device in communication with said second housing opening 
to control pressure in said housii^; and 
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said third housing opening sealingly positioned with the casing. 

4. Apparatus adapted for use with a casing for controlling a subsea borehole fluid 
pressure while drilling in an abnormal pore pressure environment, comprising 

a housing having a first housing opening, a second housing opening and third 
housing opening; 

a tubular extending through said first opening; 
a seal to sealably engage the tubular; 

a pressure control device in communication with said second housing opening 
to control pressure in said housing; 

said third housing opening sealingly positioned with the casing; and 
a pump for pimiping fluid through the tubular and pressurizing the fluid in the 
borehole whereby said fluid, exerting a pressure less than»the pore pressure of an abnormal 
pore pressure environment before being pumped, being pressurized by said pump and said 
pressure control device to at least a borehole pressure equal to or greater than the pore 
pressure of an abnormal pore pressure environment while drilling the borehole through an 
abnormal pore pressure environment 

5. Apparatus of claim 4 further comprising a fastening and sealing assembly to 
sealingly position said third housing opening with the casing. 

6. Method for controlling a subsea borehole fluid pressure between a pore 
pressure and a fracture pressure of a subsea borehole, comprising the steps of: 

casing a portion of the subsea borehole; 
sealingly positioning a housing with the casing; 

sealingly positioning a tubular with the housing so that the tubular extends 
through the housing and mto the borehole; 

moving a fluid, that exerts a pressure less than the pore pressure, from the 
tubular into the casing; and 

controlling the pressure of the fluid in the borehole between a borehole 
pressure equal to or greater than the pore pressure of the abnormal pore pressure 
environment, and a borehole pressure equal to or less than the fracture pressure of the 
abnormal pore pressure environment. 
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7. Apparatus adapted for use with a casing and a rotatable tubular for controlling 
subsea borehole fluid pressure while drilling in an abnormal pore pressure environment, 
comprising: 

a housing having a first housing opening, a second housing opening and third 
housing opening; 

a bearing assembly having an inner member and an outer member and 
disposed with said first housing opening, said inner member rotatable relative to said outer 
member and having a passage through which the tubular may extend; 

a seal to sealably engage the tubular with the inner barrel; 

a pressure control device in communication with said second housing opening 
to control pressure in said housing; 

said third housing opening sealingly positioned with the casing; and 

a pump for pumping a fluid, that exerts a pressure less than the pore pressure 
of the abnormal pore pressure environment, through the tubular and pressurizing the fluid 
whereby said bearing assembly, said seal, and said pressure control device provide a fluid in 
a subsea borehole that maintains a borehole pressure equal to or greater than the pore 
pressure of the abnormal pore pressure environment 

8. Apparatus of claim 7 further comprising a fastening and sealing assembly to 
sealingly position said third housing opening with the casing. 

9. Method for controlling a subsea borehole fluid pressure, comprising the steps 

of: 

casing a portion of the subsea borehole; 
sealingly positioning a housing with the casing; 

sealingly positioning a tubular with the housing so that the tubular extends 
through the housing and into the borehole; 

rotating the tubular relative to the housing while maintaining fte seal between 
the tubular and the housing; 

moving fluid, that exerts a pressure less than the pore pressure of an abnonnal 
pore pressure environment, from the tubular into the borehole; 

controlling the pressure of the fluid in the borehole as the borehole extends 
into an abnormal pore pressure environment; and 
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moving fluid from said housing into the sea. 

1 0. Apparatus adapted for use with a casing and a rotatable tubular for controlling 
a subsea borehole fluid pressure, comprising 

a housing having a first housing opening, a second housing opening and third 
housing opening; 

a sealed bearing assembly having an inner barrel and an outer barrel and 
disposed with said first housing opening, said inner barrel rotatable relative to said outer 
barrel and having a passage through which the tubular may extend; 

a seal moving with said inner barrel to sealably engage the tubular; 

a pressure control device in communication with said second housing opening 
to control pressure in said housing; 

a fastening and sealing assembly disposed adjacent to said third housing 
opening to sealably engage said housing with the casing; and 

a pump for pumping fluid, exerting a pressure less than the pore pressure of an 
abnormal pore pressure environment, through the tubular and pressurizing the fluid in the 
borehole whereby said bearing assembly, said seal, said pressure control device and said 
fastening and sealing assembly provide a subsea borehole having a pressure equal to or 
greater than the pore pressure of the abnormal pore pressure environment while rotating the 
tubular in the subsea borehole. 

1 1 . Apparatus of claim 1 0 fiirther comprising 

a subsea lubrication unit for injecting lubrication into said sealed bearing 

assembly. 

12. Method for controlling a subsea borehole fluid pressure, comprising the steps 

of: 

casing a portion of the subsea borehole; 
sealingly positioning a housing with the casing; 

sealingly positioning a tubular with the housing so that the tubular extends 
through the housing and into the borehole; 

rotating the tubular relative to the housing while maintaining the seal between 
the tubular and the housing; 

moving a fluid from the tubular into the botehole; and 
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pressuring the fluid in the borehole from a pressure less than the pore pressure 
to a pressure greater than the pore pressure. 

13. Method of claim 12 wherein said housing having a first housing opening, a 
second housing opening and third housing opening, and further comprising; 

a bearing assembly having an inner member and an outer member and 
disposed with said first housing opening, said inner member rotatable relative to said outer 
member and having a passage through which the tubular may extend; 

a seal to sealably engage the tubular with the inner barrel; and 
a pressure control device in communication with said second housing opening 
to control pressure in the housing. 

14. Method of claim 1 3 further comprising 

said third housing opening sealingly positioned with the casing; and 
a pump for pumping fluid through the tubular and pressurizing the fluid in the 
borehole whereby said fluid, exerting a pressure less than the pore pressure before being 
pumped, being pressurized by said pump and said pressure control device to at least a 
borehole pressure equal to or greater than the pore pressure while drilling the borehole 
through an abnormal pore pressure environment. 

15. Method of claim 12 further comprising the step of pumping kill fluid at a 
variable rate to maintain a desired borehole pressure. 

16. Method of claim 13 further comprising the step of pxraiping kill fluid at a 
variable rate to maintain a desired borehole pressure. 

1 7. Method of claim 1 6 further comprising 

said housing having a fourth housing opening; and 
an orifice in commimication with said fourth housing opening, said orifice 
having a predetermined size to provide sufficient back pressure in the borehole 
to control the subsea borehole fluid pressure. 

1 8. Method of claim 1 7 further comprising the steps of 

closing the orifice until the housing is ready to be removed from the borehole. 
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